ABSTRACT: Viruses, including herpes viruses, can alter oxidative balance by either increasing the formation of free radicals or inhibiting synthesis of enzymes involved in oxidative defense within host cells. This study examined the occurrence of oxidative and antioxidative balance in cows naturally infected with bovine herpesvirus type 1 (BHV-1) under field conditions. Clinical history indicated that cows had been sick and showed mild to severe respiratory signs, characterized by dullness, coughing, and lacrimation, and a high febrile response. All samples obtained from the infected animals during clinical examination were confirmed as positive for bovine herpesvirus type 1 by PCR. Control cows showed no clinical abnormalities and PCR results were negative. Total antioxidative status, total oxidant status, oxidative stress index, and some biochemical parameters were measured. The level of total antioxidative status was significantly lower in infected animals, compared with the healthy control group (P = 0.025). However, there was no statistically significant difference between the 2 groups for total oxidant status and oxidative stress index levels. Furthermore, there was a significant decrease in the infected groups, with respect to concentrations of alkaline phosphatase, alanine transferase, γ glutamyl transferase, monocyte, and erythrocyte (P < 0.05). On the other hand, aspartate aminotransferase and creatinine kinase concentrations significantly increased in the cows infected with BHV-1. In conclusion, the data obtained hereby explained that animals with infected BHV-1 seemed to have more oxidative stress and low antioxidant defense. Moreover, future research conductance is needed on antioxidative and oxidative balance to understand pathophysiology of BHV-1 infections.
INTRODUCTION
Bovine herpesvirus type 1 (BHV-1) is an important infectious agent associated with infections of the genital, respiratory, enteric, ocular, and nervous systems in cattle (Gibbs and Rweyemamu, 1977) . Bovine herpesvirus type 1 is a member of Alphaherpesvirinae subfamily, family Herpesviridae (Davison et al., 2009) .
Herpes viruses can activate oxidative stress mechanisms within cells (Mathew et al., 2010; Ye et al., 2011) when excess production cannot be counteracted by antioxidant mechanisms, potentially leading to pathological changes (Lykkesfeldt and Svendsen, 2007) , including tumor formations due to inhibition of cellular apoptosis, immunosuppression (Keles et al., 2010; Ye et al., 2011) , pneumonia, sepsis, meningoencephalitis, reproductive problems, and mastitis in farm animals (Cardoso et al., 2010) . Oxidative stress is generally described as an imbalance between oxidant and antioxidant levels (Lykkesfeldt and Svendsen, 2007) . The oxidative balance within the erythrocyte cell is maintained by the operation of several overlapping and complex antioxidant systems. Cellular macromolecules, including proteins, lipids, and DNA, can readily lead to tissue damage by reactive oxygen species and/or reactive nitrogen species, formed as a result of compromised oxidative balance within the cells (Dickinson and Forman, 2002; Mathew et al., 2010) .
There are some studies about the effects of oxidative stress and antioxidant status in herpes viral infections of animals (Cardoso et al., 2010; Covey et al., 2010; Keles et al., 2010) . Cusack et al. (2005) showed that dietarysupplemented vitamins E and C increased antioxidant capacity. Pagnini et al. (2004) indicated that antioxidants prevented oxidative stress; however, they failed to stop virus growth. The objective of this study is to demonstrate the relationship among total antioxidative status (TAS), total oxidant status (TOS), and oxidative stress index (OSI) levels in cows naturally infected with BHV-1 under field conditions.
MATERIALS AND METHODS
The current study was performed in accordance with legislation specified by the guiding principles in the care and use of animals and Mustafa Kemal University protocols for animal studies.
Samples
Fourteen nasal swabs in 2 mL PBS, 8 mL of 7 anticoagulant-treated (EDTA, Greiner Bio-One, Austria) blood samples, and 10 mL of 14 serum samples obtained from 7 nonpregnant cows naturally infected with BHV-1 and 7 clinically healthy cows under field conditions were used in this study. The cows were >1 yr old and from different breeds, and they showed signs of respiratory tract disease. On clinical examination, cows infected with BHV-1 showed mild clinical signs characterized by a slight serous nasal discharge, coughing, and moderate febrile response (up to 40°C). For control animals, 7 nonpregnant healthy cows were obtained from a different herd, which were found BHV-1 negative by PCR. Treatments were not administered to either group during sampling.
The anticoagulant-treated blood and nasal swab samples were centrifuged at 800 × g for 10 min at 4°C and the 2 mL of supernatants were collected as described elsewhere (Ataseven et al., 2009 ). These samples were used to confirm BHV-1 infection by DNA detection, using nested PCR as described elsewhere (Ros and Belak, 1999) . The serum samples were also collected into clotactivator tubes (Ayset, Adana, Turkey) and then used for TAS, TOS, and other biochemical variables.
Nested PCR
The QIAamp MinElute Virus Spin kit (Qiagen, Hilden, Germany) was used to extract total DNA from 200-µL volumes of the leukocyte and nasal swab samples. A 294-base pair conserved region of the glycoprotein B gene of BHV-1 was amplified by PCR, using first and second round primers as described by Ros and Belak (1999) . The PCR reactions were performed using a thermal cycler (Techne 3000G, Bibby Scientific Ltd., Staffordshire, UK). The Qiagen Fast Cycling PCR kit was used for the PCR reaction as recommended by manufacturer instructions. The PCR was performed using these reaction conditions: initial denaturation at 95°C for 5 min followed by 35 cycles consisting of denaturation (96°C for 5 s), annealing (60°C for 5 s), and extension (68°C for 9 s). The reaction was terminated after a final hold at 72°C for 1 min. For the second round of amplification, 2 µL of the first round amplification product was transferred to 18 µL of a new PCR reaction mixture containing the same components as above but using the second round primers. Sterile molecular biology grade water was used as a negative control. The final specific PCR products were visualized, using 1.5% agarose gel electrophoresis. The gels were examined for specific size bands, using a UV transilluminator.
Measuring Total Antioxidative Status, Total Oxidant Status, and Oxidative Stress Index
Total antioxidant and oxidant capacities were determined colorimetrically (PowerWave XS, BioTek Instrument, Bedfordshire/UK) by using a commercial kit (Rel Assay Diagnostic, Gaziantep, Turkey). The TAS of the serum was determined using a novel automated measurement method developed elsewhere (Erel, 2004a; Erel, 2004b) . In this method, hydroxyl radical, which is the most potent biological radical, is produced. The assay measures the antioxidative effect of the sample against potent-free radical reactions that are initiated by the hydroxyl radical produced. The precision of the assay is excellent and is <3%. The results are expressed as µmol Trolox equivalent/liter.
Total oxidant status levels were measured using commercially available kits (Rel Assay Diagnostic). In the new method, oxidants present in the sample oxidized the ferrousion-o-dianisidine complex to ferric ion. The oxidation reaction was enhanced by glycerol molecules abundantly present in the reaction medium. The ferric ion produced a colored complex with xylenol orange in an acidic medium. The color intensity, which was measured spectrophotometrically, was related to the total amount of oxidant molecules present in the sample. The assay was calibrated with hydrogen peroxide (H 2 O 2 ) and the results were expressed in terms of micromolar H 2 O 2 equivalent per liter (mmol H 2 O 2 equivalent/L; Erel, 2005) . The percentage ratio of TOS to TAS indicated OSI, an indicator of the degree of oxidative stress (Erel, 2004a,b) . To perform the calculation, the resulting unit of TAS (mmol Trolox equivalent/L) was converted to µmol equivalent/L and the OSI value was calculated using the following formula: OSI = [(TOS, µmol/L)/(TAS, mmol Trolox equivalent/L) × 100] (Erel, 2005; Yumru et al., 2009 ).
Other Biochemical and Hematological Parameters
The activities of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), creatinine kinase (CK) total bilirubin, direct bilirubin, γ glutamyl transferase (GGT), chlorine, potassium, sodium, and urea were assayed colorimetrically, according to the standard procedures using commercially available diagnostic kits (DiaSys Diagnostic Systems, Holzheim, Germany). Furthermore, hematological parameters were performed using an automatic analyzer (Abacus Junior Vet Systems, Budapest, Hungary).
Statistical Analysis
The biochemical results were obtained by statistical analysis using SPSS (SPSS Inc., Chicago, IL). An appropriate nonparametric test (Mann-Whitney U test) was used to determine differences among the biochemical variables of the infected and control groups. A Pearson correlation test was used to determine the association among the variables.
RESULTS AND DISCUSSION
Viruses can alter oxidative balance by increasing the formation of iron and nitric oxide, or inhibiting synthesis of enzymes involved in oxidative defense within a host cell. Reactive oxygen species accumulation in host cells can lead to redox imbalance and activation of transcription factors, which in turn could trigger viral evolution and enhanced viral replication (Schwarz, 1996) .
In the present study, all samples obtained from infected animals during clinical examination were confirmed as positive by the PCR technique and TAS, TOS, OSI, and some biochemical variables measured were significantly altered in cows naturally infected with BHV-1 (Table 1 ). There was a significant decrease in the infected group with respect to TAS (P = 0.025). However, there was no statistically significant difference between 2 groups for TOS (P = 0.195) and OSI (P = 0.065) levels, which were greater in the infected animals compared with the healthy control group. On the other hand, a negative correlation was observed in both groups for TAS and TOS values (r = -0.33; P = 0.238). The results suggest that there is a negative correlation between TAS and TOS, but it is not statistically significant. Decreased antioxidant activity during BHV-1 infection, which occurs generally in the oxidative stress, indicated the depletion of endogen antioxidant enzymes and could also affect the decrease of TAS level. Similar data were also reported by Pagnini et al. (2004) in BHV-4 infection. Although no previous report has investigated TAS, TOS, and OSI as biomarkers of oxidative stress and antioxidant defense related to BHV-1 infection, it is known that intense amounts of free oxidant radicals are produced by Urea, mg/dL 13.43 ± 7.68 9.86 ± 0.69 0.948 1 TAS = total antioxidative status; TOS = total oxidant status; OSI = oxidative stress index; AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase; LDH = lactate dehydrogenase; CK = creatinine kinase; GGT = γ glutamyl transferase.
2 P = 0.025.
host phagocytes (macrophages and neutrophils) during the infection and inflammatory reaction. Hydrogen peroxide, described as a reactive oxygen species, is also stimulated by Kaposi's sarcoma-associated herpes virus reactivation from latency in humans, as a result of stimulation of both the autocrine and paracrine signaling mechanisms (Ye et al., 2011) . Knowledge on the cellular biological consequences of oxidative stress in herpes viruses is still limited, even though herpes simplex virus type 1, Epstein-Barr, and hepatitis B virus infections are broken down via synthesis of antioxidant enzymes, such as superoxide dismutase and catalase, by inhibiting the cellular pro-oxidant and antioxidant balance (Bannister et al., 1986; Lassoued et al., 2008; Mathew et al., 2010) . In the present study, a decrease on the TAS values and increases on the TOS and OSI values might be due to infection by BHV-1. The degree of clinical severity of viral infection also affected the level of antioxidant enzyme activity in erythrocytes (Panda et al., 2009 ). In the present study, only 2 of the cows infected with BHV-1 had severe respiratory signs and the range of monocytes and erythrocyte in all animals infected were also reduced significantly, compared with the control group. It is likely that reduced monocytes and erythrocytes were a result of oxidative stress. Leukopenia was reported most frequently in bovine respiratory disease, including BHV-1 (Cusack et al., 2005 ). In the current study, a white cell count for diseased animals was less than healthy controls but was not statistically significant, (P= 0.277; Table 2 ). In contrast, leukocytosis was also found in some experiments, but those experiments were performed in a limited number of animals (Yates, 1982; Cusack et al., 2005) . Although ALT, ALP, GGT, and LDH values for diseased animals and healthy controls were within the normal range, those values were less in the diseased animals. The liver enzymes, including ALT (P = 0.017), ALP (P = 0.019), and GGT (P = 0.006), were significantly decreased. In addition, AST was significantly increased, (P = 0.009) whereas LDH was not changed. These variables are normally expected to increase in affected cases, but the serum ALT decrease may be due to alternation in the metabolic rate resulted from nutritional deficiency as reported by Ulvund (1990) and Abd El-Ghany et al., (2007) . On the other hand, capacities of respiratory disease to generate oxyradicals produce an oxidized compound (H 2 O 2 , peroxide compound), which is toxic to all cells (Nicolson et al., 1998) . Rao and Murthy (1992) reported that activities of ALT decreased in hyperammonemic states. As seen in our results, without an increase in other liver enzyme activities, an increase in GGT activity in the healthy control group may be associated with greater total antioxidant levels. Moreover, TOS was found to be decreased in the BHV-1-infected cows and GGT catalyzes the transfer of the γ glutamyl moiety of glutathione that may be responsible for decreased GGT. It is likely that the CK and AST increase in the infected group were associated with cachexia, as suggested by Ulvund (1990) . There was a significant difference between the infected and healthy groups with respect to ALT, ALP, AST, GGT, and CK (P < 0.05; Table 1 ). Decreased activity of ALT, ALP, AST, GGT, CK, and bilirubin could be associated with BHV-1 infection.
In summary, this study focused on the evaluation of oxidative stress in cows naturally infected with BHV-1. There was no significant relationship between antioxidant levels and investigated stress variables identified in the current study. The TAS was significantly less in infected animals. However, TOS and OSI levels did not significantly change. In addition to stress variables, ALP, ALT, GGT, monocyte, and erythrocyte were significantly less in animals infected with BHV-1. Moreover, future detailed studies, such as specific anti-inflammation designs for preventing acute infection or inhibiting BHV-1 reaction from latency, will improve our understanding of effects of oxidative stress and antioxidant mechanisms on the pathophysiology of BHV-1. 
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